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(54) CONTROLLER FOR BRUSHLESS MOTOR 

(57)Abstract 

PROBLEM TO BE SOLVED: To make a smooth 
transition by switching the control system gradu ally, 
while keeping the r.p.m. of a motor and the quantity of 
flux during one period at a constant level, respectively. 
SOLUTION: This controller comprises a control circuit 5, 
e.g. a microcomputer, and a DC voltage control circuit 7, 
wherein switching from a sine wave control in low motor 
speed region to 120'' conduction RAM control for 
increasing the r.p.m. is carried out in two stages. More 
specifically, the amplitude and frequency of the sine 
wave are decreased, while keeping a converter output 
voltage VDC at a constant level in the first stage, and 
then conduction period is brought close to 120** by 
increasing the offset gradually and reducing the 
conduction period After the conduction period of 1 20° 
is reached, the converter output voltage VDC is graduall 
loweredy, and transition is made to full conduction 
control of 1 20** conduction period in the second stage. 
According to this arrangement, switching can be made 

smoothly without causing step-out of the motor or overcurrent protective operation thereof. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A direct-current-voltage variable-converters part provided with a means to change 
exchange into a direct current and to control direct current voltage. 

a means to make output voltage of said converter part amplitude, to control duty of a carrier 
frequency, and to control output voltage - a means to change both direct current into 
exchange corresponding to number of rotations of a motor. 

Being a control device of a brushless motor provided with the above, and maintaining 
uniformly motor rotation frequency and a magnetic flux amount of a 1 -round period at the 
time of a change of said control system. From PWM control of sinusoidal abnormal 
conditions set constant, direct current voltage of a converter output. Control gradually 
brought close to a setting-out energization period of said PAM control by holding converter 
output voltage uniformly, lowering amplitude and frequency of a sine wave which are a 
fundamental wave, and raising offset is performed, After shifting to a setting-out 
energization period, converter output voltage is controlled and a setting-out energization 
period is switched to PAM control considered as all the energization. 

[Claim 2]A direct-current-voltage variable-converters part provided with a means to change 
exchange into a direct current and to control direct current voltage. 

a means to make output voltage of said converter part amplitude, to control duty of a carrier 
frequency, and to control output voltage ~ a means to change both direct current into 
exchange corresponding to number of rotations of a motor. 

Being a control device of a brushless motor provided with the above, and maintaining 
uniformly motor rotation frequency and a magnetic flux amount of a 1 -round period at the 
time of said control-system change. From PWM control of sinusoidal abnormal conditions 
which set direct current voltage of a converter output constant, controlling converter output 
DC voltage. By raising amplitude and frequency of a sine wave which are a fundamental 
wave, and lowering offset, control brought close to a setting-out energization period of said 
PAM control gradually is performed, converter output voltage after shifting to a setting-out 
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energization period is controlled, and a setting-out energization period is switched to PAM 
control considered as all the energization. 

[Claim 3]A direct-current-voltage variable-converters part provided with a means to change 
exchange into a direct current and to control direct current voltage. 

a means to make output voltage of said converter part amplitude, to control duty of a carrier 
frequency, and to control output voltage - a means to change both direct current into 
exchange corresponding to number of rotations of a motor. 

Being a control device of a brushless motor provided with the above, and maintaining 
uniformly motor rotation frequency and a magnetic flux amount of a 1 -round period at the 
time of said control-system change. From PWM control of sinusoidal abnomial conditions 
set constant, direct current voltage of a converter output. A sine wave is brought close to a 
square wave which considers an energization period as all the energization 180 degrees 
gradually, dropping converter output DC voltage, and it brings close to a setting-out 
energization period of said PAM control gradually after shifting to all the energization 
square waves 180 degrees, controlling converter output voltage, and switches to PAM 
control. 

[Claim 4]A control device of the brushless motor according to any one of claims 1 to 3 
which was made to switch while changing to maintaining uniformly number of rotations of a 
motor, and a magnetic flux amount of a 1 -round period at the time of a control-system 
change and making number of rotations of a motor, and a magnetic flux amount of a 1- 
round period shift. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to the inverter control device which drives the 

three-phase-circuit DC brushless motor of sensor loess. 

[0002] 

[Description of the Prior Art]The example of sine wave control of the three-phase-circuit DC 
brushless motor of conventional sensor loess is explained using drawing 16 . 
[0003] Drawing 16 is an example of a circuit diagram in the case of carrying out sine wave 
driving of the three-phsse-circuit DC brushless motor of conventional sensor loess. In the 
figure, it is a current sensor from which the inverter part for generating the converter part 
which changes 1 into AC power supply, and from which 2 changes exchange into a direct 
current, and the volts alternating current which inputs 3 into a motor, and 4 detect a three- 
phase-circuit DC brushless motor from a direct current, 5 detects control circuits, such as a 
microcomputer, and 6 detects the current of the motor 4. The control circuit 5 incorporated 
the motor current value of the motor 4 from the current sensor 6, and controlled the 
sinusoidal wave output voltage of the Inverter part 3 based on the position information etc. 
which presumed and presumed the position of the rotator of the motor 4 by this, and 
efficient speed control of a motor is realized. 

[0004]There is a maximum in the revolving speed of the sine wave control of the former, 
and the reason is explained below. 

[0005]ln sine wave control, in order to raise the number of rotations of a motor without 
carrying out pressure up of the output DC voltage of a converter part, generally weak field 
control is performed, but if this control is performed, motor efficiency will fall. However, if 
pressure up of the output DC voltage of a converter part is carried out as this measure and 
sine wave control is performed, leak current and the problem of the increase in the 
switching loss of an inverter part will occur. 

[0006]Slnce motor current will serve as a perverted sine wave fluctuated for every carrier 
frequency if motor rotation frequency is raised, rotor position estimation precision gets 
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worse. Aggravation of position estimation precision causes a power swing of a motor, an 
over-current, and efficiency aggravation. If a carrier frequency is raised as tiiis measure 
several high-rotational 00, the distortion of current can be reduced, but leak current and the 
problem of the increase in switching loss occur like the above-mentioned case. 
[0007]As for the sensor loess sine wave control of the motor, from these reasons, the 
maximum was set as the speed-control possible range. 
[0008] 

[Problem(s) to be Solved by the lnvention]Although the sensor loess sine wave control of 
the conventional motor provided the maximum in the speed-control range as mentioned 
above, in order that it might extend the speed-control range, the control concept of 
switching to PAM control from sine wave control at the time of a high velocity revolution 
was proposed. Drawiny 1 is a circuit diagram in the case of performing this control. It is 
[ here, ] a DC voltage control circuit where 7 is contained in the converter part 2, and, as for 
8, the position detecting circuit of a motor rotor and V^^^ are the output voltage of a DC 

voltage control circuit. In the figure, PAM control is realized by controlling DC voltage 
control circuit 7. 

[0009]lf PAM control is performed in the energization period set as less than 180 degrees 
120 degrees or more at the time of a high velocity revolution, since a rotor position is 
detectable by an unenergized period, control precision will go up. From the converter part 2 
having DC voltage control circuit 7, since the pressure up of the inverter-output-voltage V„ 

can be carried out and it becomes unnecessary to perform weak field control also at the 
time of a high velocity revolution, decline in motor efficiency can be prevented. Leak current 
and switching loss can be reduced from considering it as the square wave which 
furthermore is not switched with a carrier frequency. Therefore, the speed-control range 
can be extended to a high rpm. 

[0010]However, about ^he above-mentioned control change, the switching means was not 
proposed conventionally. Here, when it switches rapidly temporarily, the following technical 
problems occur. 

[001 1]The low-speed area of a voltage current waveform of the above-mentioned control 
(sine wave control) is shown in drawing 17 , and a high speed area (PAM control) is shown 
in drawing 18 . In the figure, v^^^^ is the terminal voltage of U phase and i^ is winding current 

of U phase. Sine wave control differs in a current wave form greatly from PAM control so 
that clearly from drawing 17 and comparison of 18. This shows that the magnetic field of a 
motor stator changes a lot in the case of this control change, and in this way, sudden 
change of a magnetic field becomes a cause by which the power swing and over-current of 
a motor flow, the protection circuit operates, and when a motor stops or an over-current 
flows, it also becomes the demagnetization of a motor, and a cause of destruction of a 
power element. 

[0012]lt aims at providing the smooth migration method in the case of rotating by sine wave 
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control at the time of a low speed rotary, and rotating a motor by PAM control at the time of 
a high velocity revolution, in order that this invention may solve the technical problem of 
such a control change. 
[0013] 

[Means for Solving the Problem]ln order to solve an aforementioned problem, when rotating 
by PAM control in which a motor was formed at the time of a low speed rotary, and an 
unenergized period was provided at the time of sine wave control and a high velocity 
revolution, this Invention, maintaining a magnetic flux amount of a period unifonnly 1 round 
with motor rotation frequency at the time of a control-system change. A means to shift 
control gradually is provided so that cun^ent may not change suddenly. 
[0014]As a control system besides the above, a shift method of the invention of this 
Invention according to claim 1 is taken up for explanation. In the invention according to 
claim 1, output-DC-voltage of a converter as the 1st step from PWM control of 

sinusoidal abnormal conditions set constant, Maintaining uniformly motor rotation frequency 
and a magnetic flux amount of a 1 -round period, converter output voltage V is held 

uniformly and performs control which lowers amplitude and frequency of a sine wave which 
are a fundamental wave, raises offset, narrows an energization period gradually, and is 
brought close to a setting-out energization period of PAM control. Maintaining uniformly 
motor rotation frequency and a magnetic flux amount of a 1 -round period like the 1st step 
as the 2nd step, after an energization period shifts to a setting-out energization period of 
PAM control, converter output voltage V^^ is controlled and an energization period is made 
all the energization. 

[0015]By taking such means, a change in a case of rotating by sine wave control at the time 
of a low speed rotary, and rotating a motor by PAM control at the time of a high velocity 
revolution can be realized without causing a power swing of a motor, and overcurrent 
protection operation. 
[0016] 

[Embodiment of the InventionjThe invention according to claim 1 a motor as mentioned 
above at the time of a low speed rotary The PWM control of sinusoidal abnormal 
conditions, At the time of a high velocity revolution, when rotating an energization period by 
the PAM control set as less than 180 degrees 120 degrees or more, maintaining uniformly 
motor rotation frequency and the magnetic flux amount of a 1 -round period at the time of a 
control-system change. As the 1st step, converter output voltage V^^^ is held uniformly. 

After lower the amplitude and frequency of a sine wave which are a fundamental wave, 
raising offset, narrowing an energization period gradually, bringing an energization period 
close to the setting-out energization period of said PAM control and an energization 
period's shifting to set time, as the 2nd step. Control which controls converter output 
voltage V^^ and shifts an energization period to all the energization gradually Is perfonned. 
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[0017]According to this control, the change in the case of rotating by sine wave control at 
the time of a low speed rotary, and rotating a motor by PAM control at the time of a high 
velocity revolution can be smoothly realized without causing the power swing of a motor, 
and overcurrent protection operation. 

[0018]The invention according to claim 2 a motor like the invention according to claim 1 at 
the time of a low speed rotary The PWM control of sinusoidal abnormal conditions. At the 
time of a high velocity revolution, when rotating an energization period by the PAM control 
set as less than 180 degrees 120 degrees or more, maintaining uniformly motor rotation 
frequency and the magnetic flux amount of a 1 -round period at the time of a control-system 
change. As the 1st step, carrying out pressure up of the converter output voltage V_.^. After 

raise the amplitude and frequency of a sine wave which are a fundamental wave, lowering 
offset, narrowing an energization angle gradually, bringing close to the set time of said PAIVI 
control and shifting to a setting-out energization period, as the 2nd step, Control which 
controls converter output voltage V^^ and shifts an energization period to all the 

energization 120 degrees gradually is performed. According to this control, like claim 1, a 
change can be smoothly realized without causing the power swing of a motor, and 
overcurrent protection operation. 

[0019]The invention according to claim 3 a motor like an invention given in claims 1 and 2 
at the time of a low speed rotary The PWM control of sinusoidal abnormal conditions, At the 
time of a high velocity revolution, when rotating an energization period by the PAM control 
set as less than 180 degrees 120 degrees or more, maintaining uniformly motor rotation 
frequency and the magnetic flux amount of a 1 -round period at the time of a control-system 
change. After lowering the pressure of converter output voltage V„, bringing gradually the 

L/C/ 

energization period of the sine wave which is a fundamental wave close to all the 
energization as the 1st step and an energization period's shifting to all the energization, as 
the 2nd step. Control which carries out pressure up of the converter output voltage V„, 

and shifts an energization period to the setting-out energization period of said PAM control 
gradually is performed. According to this control, like an invention given in claims 1 and 2, a 
change can be smoothly realized without causing the power swing of a motor, and 
overcurrent protection operation. 

[0020]The invention according to claim 4 a motor at the time of a low speed rotary The 
PWM control of sinusoidal abnormal conditions, At the time of a high velocity revolution, 
when rotating an energization period by the PAM control set as less than 180 degrees 120 
degrees or more, it carries out, claims 1 and 2 and the control-system switching method of 
an invention of three changing motor rotation frequency gradually, and controlling the 
magnetic flux amount of a period 1 round. According to this control, like an invention given 
in claims 1 , 2, and 3, a change can be smoothly realized without causing the power swing 
of a motor, and overcurrent protection operation, and since the change of a control system 
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can be further made quick, a rotating speed connmand can be reached quickly. 
[0021]The embodiment of this invention is described with reference to drawings below. 
[0022](Embodiment 1) Drawing 1 is an electronic circuit figure for realizing control of this 
embodiment. The converter part which changes 1 into AC power supply and from which 2 
changes exchange into a direct current in the figure, An inverter part for 3 to generate the 
volts alternating current inputted into a motor from a direct current, The position detecting 
circuit of a motor rotor and V^^^ are a current sensor from which 4 detects a three-phase- 
circuit DC brushless motor, 5 detects control circuits, such as a microcomputer, and 6 
detects the current of the motor 4, and a DC voltage control circuit where 7 is contained in 
the converter part 2, and 8 is the output voltage of a DC voltage control circuit. 
[0023]The motor current value of the motor 4 is incorporated into the control circuit 5 from 
the current sensor 6, and the output voltage of the inverter part 3 is controlled by sine wave 
control in a motor low rpm based on this based on the position information etc. which 
presumed and presumed the position of the rotator of the motor 4 In the control circuit 5. On 
the other hand, In the 120-degree energization PAM control In a motor high rpm. The output 
signal of the position detecting circuit of a motor rotor Is Incorporated Into the control circuit 
5, the position of a motor rotor Is detected In the control circuit 5 based on this, and output 
voltage V^^ of the converter part 2 and the output voltage of the Inverter part 3 are 

controlled via DC voltage control circuit 7 based on this. 

[0024]When raising number of rotations by this embodiment, the key map of the switching 
control which shifts to the PAM control of energization 120 degrees from the above- 
mentioned sine wave control Is shown In drawing 2 , In this embodiment, a control change Is 
divided Into two steps like drawing 2 . In the 1st step, converter output voltage V..^ is 

maintained uniformly, lowers the amplitude and frequency of a sine wave, raises offset, 
narrows an energization period gradually, and brings an energization period close to 120 
degrees. After an energization period shifts to 120 degrees, as the 2nd step, the pressure 
of converter output voltage V^^^ is lowered, and it shifts to all the energization control of an 

energization period 120 degrees gradually. 

[0025]The control change of a voltage current waveform In this embodiment Is explained 
using drawing 3 , and 4, 5 and 6. Here, v^^^ is U-phase terminal voltage and i^^ is U phase 

motor current. Drawing 3 Is a voltage current waveform of sine wave control. Motor current 
ijj serves as a sine wave of phase lag to terminal voltage v^^ by which sine wave control 

was carried out. The waveform at the time of the 1st-step control change is shown in 
drawing 4 and 5. Draw i ng 4 is a waveform in early stages of the 1st step of a control 
transfer, and drawing 5 is a waveform at the time of the end of the 1st step of a control 
transfer. Converter output-DC-voltage V^^^ is constant, and it is controlled by the Ist-step 

control change to maintain the magnetic flux amount between one cycle by considering it 
as the waveform which lowers frequency and amplitude for a fundamental wave compared 
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with the sine wave of drawing 3 , and raises offset in order to narrow an energization angle. 
[0026]That is, if the sine wave of drawing 3 is set to V^j|^=Asin(2pift)+B, in the 1st step of a 

control change, like drawing 4 and 5, the maximum of v^ ^ Is constant value, it will lower the 

amplitude A and the frequency f, will enlarge offset B, and will perform control which 
narrows an energization angle. At this time, the magnetic flux amount of periodic time is 
fixed by controlling to make equal area of S1 and S2 of the figure. By this control, an 
energization angle is nanrowed to 120 degrees. 

[0027] Drawing 6 shows the wavefonm shift at the time of the 2nd-step control change- 
Bringing close to the 120-degree square wave to which a 120-degree energization period 
considers a fundamental wave as all the energization, the pressure of converter output 
voltage V^^^ is lowered, and it is controlling by the 2nd-step control change to maintain the 

magnetic flux amount of a period 1 round. Thus, where number of rotations and the 
magnetic flux amount of a 1 -round period are held uniformly, it shifts to the opening-of-the- 
whole-traffic electric wave type of 120 degrees from a sine wave, and control is switched to 
PAM control. 

[0028]By the above control switching methods, in this embodiment, in order to extend a 
speed variable range, the change in the case of rotating by sine wave control at the time of 
a low speed rotary, and rotating a motor by PAM control at the time of a high velocity 
revolution can be smoothly realized without causing the power swing of a motor, and 
overcurrent protection operation. 

[00291(Embodiment 2) The electronic circuit figure for realizing control of this embodiment 
is the same as that of Embodiment 1 . 

[0030]When raising number of rotations by this embodiment, the key map of the switching 
control which shifts to the PAM control of energization 120 degrees from sine wave control 
is shown in drawing 7 , The control change of this embodiment is divided into two steps like 
drawing 7 . In the 1st step, the amplitude and frequency of a sine wave are raised, offset is 
lowered, carrying out pressure up of the converter output voltage V^^^, and an energization 

period is narrowed by bringing the half cycle of a sine wave close to 120 degrees from 180 
degrees gradually. After an energization period shifts to 120 degrees, as the 2nd step, the 
pressure of converter output voltage V^^^ is lowered, and it shifts to all the energization 

control of an energization period 120 degrees gradually. 

[0031 ]The control change of a voltage current waveform in this embodiment is explained 
using drawing 3 , and 8, 9, 10 and 1 1 . Drawing 3 is a voltage current waveform of the sine 
wave control before a control change, as Embodiment 1 described, and it always maintains 
uniformly the number of rotations of drawing 3 . and the magnetic flux amount of a 1 -round 
period at the time of a control change. 

[0032]The waveform at the time of the 1st-step control change Is shown in drawing 8 . and 9 
and 10. As for the waveform in early stages of the 1st step of a control transfer, and 
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drawing 9 , the middle waveform and drawing 10 of drawing 8 are tlie waveforms at the time 
of the end. 

[0033]lt is controlling by the 1st-step control change by raising the amplitude and frequency 
of a sine wave and lowering offset to maintain the magnetic flux amount between one cycle, 
carrying out pressure up of the converter output-DC-voltage V_ in order to narrow an 

energization angle. 

[0034]That is, If the sine wave of drawing 3 is set to V^^=Asin(2pift)+B lil<e Embodiment 1 , 

in tfie 1st step of a control change, the amplitude A and the frequency f will be raised, the 
offset B will be lowered like drawing 8 , and 9 and 10, and control which narrows an 
energization angle will be performed. At this time, the magnetic flux amount of periodic time 
is uniformly maintained by controlling to make equal area of S3 and S4 of the figure. By 
this, an energization angle is narrowed to 120 degrees like drawing 10 . 
[00351 Drawing 1 1 shows the waveform shift at the time of the 2nd-step control change. In 
order to bring close to the 120-degree square wave to which a 120-degree energization 
period considers a fundamental wave as all the energization, the pressure of converter 
output voltage V^^ is lowered, and it Is controlling by the 2nd-step control change to 

maintain the magnetic flux amount of a period 1 round. Thus, where number of rotations 
and the magnetic flux amount of a 1 -round period are held uniformly, it shifts to the 
opening-of-the-whole-traffic electric wave type of 120 degrees from a sine wave, and 
control is switched to PAM control. 

[0036]By the above control switching methods, in this embodiment, in order to extend a 
speed variable range, the change in the case of rotating by sine wave control at the time of 
a low speed rotary, and rotating a motor by PAM control at the time of a high velocity 
revolution can be smoothly realized without causing the power swing of a motor, and 
overcurrent protection operation. 

[0037](Embodiment 3) The electronic circuit figure for realizing control of this embodiment 
is the same as that of Embodiment 1 . 

[0038]When raising number of rotations by this embodiment, the key map of the switching 
control which shifts to the PAM control of energization 120 degrees from sine wave control 
is shown in drawing 12 . The control change of this embodiment is divided into two steps 
like drawing 12 . In the 1st step, a sine wave is gradually switched to all the energization 
180 degrees, lowering the pressure of converter output voltage V^^. After an energization 

period shifts to all the energization 180 degrees, as the 2nd step, pressure up of the 
converter output voltage V^^ is carried out, an energization period Is narrowed gradually, 

and it shifts to all the 120 energization. 

[0039]The control change of a voltage current waveform In this embodiment is explained 
using drawing 3 , and 13, 14 and 15. Drawing 3 is a voltage current waveform of the sine 
wave control before a control change, as Embodiments 1 and 2 described, and it always 
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maintains uniformly the number of rotations of drawing 3 , and the magnetic flux amount of a 
1 -round period at the time of a control change. The waveform at the time of the 1st-step 
control change is shown in drawing 13 and 14. Drawing 13 is a waveform in early stages of 
the 1st step of a control transfer, and drawing 14 is a waveform at the time of the end. 
Bringing a sine wave close to all the 180 energization, as shown in the figure, by lowering 
the pressure of converter output-DC-voltage V^^^, the area of the Drawings S5 and S6 is 

kept constant, and it is controlling by the Ist-step control change to maintain the magnetic 
flux amount between one cycle. By this, control is shifted to all the energization 180 
degrees like drawing 14 . 

[0040] Drawing 15 shows the waveform shift at the time of the 2nd-step control change. It is 
controlling by the 2nd-step control change to maintain the magnetic flux amount of a period 
1 round by keeping constant the area of the Drawings S7 and S8, and carrying out 
pressure up of the converter output voltage V^^^ for energization to 120 degrees with slight 

straitness 180 degrees. Thus, where number of rotations and the magnetic flux amount of a 
1 -round period are held uniformly, it shifts to an energization waveform 120 degrees from a 
sine wave, and control is switched to PAM control. 

[0041 ]By the above control switching methods, in this embodiment, in order to extend a 
speed variable range, the change in the case of rotating by sine wave control at the time of 
a low speed rotary, and rotating a motor by PAM control at the time of a high velocity 
revolution can be smoothly realized without causing the power swing of a motor, and 
overcurrent protection operation. 

[0042]Although sine wave control is made into the waveform which impresses sine voltage 
to a motor-winding terminal in each aforementioned embodiment, it is also possible to carry 
out the seal of approval of the voltage which added the 3rd harmonic content to the sine 
wave to a motor-winding terminal, and to switch this invention by making an interphase 
voltage into a sine wave. 

[0043]Although each aforementioned embodiment is considering it as the example 
switched to the PAM control of energization 120 degrees at the time of a high velocity 
revolution, switching, for example to the PAM control of wide angle energization of 135 
degrees, 150 etc. degrees, etc. can also be carried out based on this invention. 
[0044]As for the inclinaiion of the change to the time of output-DC-voltage of the 

converter part 2 at the time of the control change illustrated to above-mentioned drawing 2 , 
drawing 7 , and drawing 12 , it is good not to be as in the figure and not to be proportionality 
as shown in a figure. This invention can adjust and carry out the inclination of direct- 
current-voltage Vp^, etc. 

[0045]lt is also possible to carry out, while number of rotations also makes the control 

change of each aforementioned embodiment shift simultaneously. 

[0046] 

[Effect of the lnvention]The invention according to claim 1 a motor at the time of a low 
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speed rotary The PWM control of sinusoidal abnormal conditions, At the time of a high 
velocity revolution, when rotating an energization period by the PAM control set as less 
than 180 degrees 120 degrees or more, maintaining uniformly motor rotation frequency and 
the magnetic flux amount of a 1 -round period at the time of a control-system change. As the 
1st step, converter output voltage V^^^ is held unifonnly, After lowering the amplitude and 

frequency of a sine wave which are a fundamental wave, raising offset, bringing close to 
the period which narrowed the energization period gradually and set up the energization 
period by said PAM control and an energization period's shifting to set time, as the 2nd 
step. Control which controls converter output voltage V^^^ and shifts an energization period 

to all the energization gradually is performed. According to this control, the change in the 
case of rotating by sine wave control at the time of a low speed rotary, and rotating a motor 
by PAIVI control at the time of a high velocity revolution can be smoothly realized without 
causing the power swing of a motor, and overcurrent protection operation, so that clearly 
from the above-mentioned Embodiment 1. 

[0047]The invention according to claim 2 a motor at the time of a low speed rotary The 
PWM control of sinusoidal abnormal conditions. At the time of a high velocity revolution, 
when rotating an energization period by the PAM control set as less than 180 degrees 120 
degrees or more, maintaining uniformly motor rotation fl-equency and the magnetic flux 
amount of a 1 -round period at the time of a control-system change. As the 1st step, 
carrying out pressure up of the converter output voltage V^^^^. After raising the amplitude 

and frequency of a sine wave which are a fundamental wave, lowering offset, bringing close 
to the period which narrowed the energization angle gradually and was set up by said PAM 
control and shifting to set time energization, as the 2nd step. Control which controls 
converter output voltage V^^^^ and shifts an energization period to all the energization 120 

degrees gradually is performed. According to this control, a control change can be smoothly 
realized like claim 1 without causing the power swing of a motor, and overcurrent protection 
operation, so that clearly from Embodiment 2. 

[0048]The invention according to claim 3 a motor at the time of a low speed rotary The 
PWM control of sinusoidal abnormal conditions, At the time of a high velocity revolution, 
when rotating an energization period by the PAM control set as less than 180 degrees 120 
degrees or more, maintaining uniformly motor rotation frequency and the magnetic flux 
amount of a 1 -round period at the time of a control-system change. After it brings gradually 
the energization period of the sine wave which is a fundamental wave close to all the 
energization and an energization period shifts to all the energization as the 1st step, 
lowering the pressure of converter output voltage V^^, as the 2nd step, Control which shifts 

to the period which carried out pressure up of the converter output voltage V_ and set up 

the energization period by said PAM control gradually is perfomied. According to this 
control, a change can be smoothly realized like an invention given in claims 1 and 2 without 
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causing the power swing of a motor, and overcurrent protection operation, so that clearly 
from Embodiment 3. 

[0049]The invention according to claim 4 a motor at the time of a low speed rotary The 
PWM control of sinusoidal abnormal conditions, At the time of a high velocity revolution, 
when rotating an energization period by the PAM control set as less than 180 degrees 120 
degrees or more, claim 1 or 2 or the control change method of an invention given in three is 
carried out, while motor rotation frequency is changed gradually and the magnetic flux 
amount of a period alsG controls it 1 round. According to this control, like an invention given 
in claims 1 , 2, and 3, a change can be smoothly realized without causing the power swing 
of a motor, and overcurrent protection operation, and since the change of a control system 
can be further made quick, a rotating speed command can be reached quickly. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1]T he circuit diagram of Embodiment 1 of the control device of this invention 
[Drawing 2] The control concept figure of the Embodiment 1 

[Drawing 3] The figure showing the voltage waveform of the sine wave control of the 
Embodiment 1 

[Drawing 4] The figure showing the waveform in early stages of [ 1st step of change ] the 
Embodiment 1 

[Drawing 5] The figure showing the waveform at the time of the end of the 1st step of a 
change of the Embodiment 1 

[Drawing 6] The figure showing the waveform at the time of the end of the 2nd step of a 
change of the Embodiment 1 

[Drawing 7]T he control-concept figure of Embodiment 2 of the control device of this 
invention 

[Drawing 8]T he figure showing the waveform in early stages of [ 1st step of change ] the 
Embodiment 2 

[Drawing 9]T he figure showing the waveform in the middle of [ 1st step of change ] the 
Embodiment 2 

[Drawing 10] The figure showing the waveform at the time of the end of the 1st step of a 
change of the Embodiment 2 

[Drawing 11]T he figure showing the waveform at the time of the end of the 2nd step of a 
change of the Embodiment 2 

[Drawing 12]T he control-concept figure of Embodiment 3 of the control device of this 
invention 

[Drawing 13] The figure showing the waveform in early stages of [ 1st step of change ] the 
Embodiment 3 

[Drawing 14]T he figure showing the waveform at the time of the end of the 1st step of a 
change of the Embodiment 3 

[Drawing 15]T he figure showing the waveform at the time of the end of the 2nd step of a 
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change of the Embodiment 3 

[Drawing 16]T he circuit diagram of the conventional control device 

[Drawing 17] The figure showing the sine-wave-control waveform at the time of the low 

rotational frequency of ^he conventional control device 

[Drawing 18] The figure showing the PAM control waveform of several high-rotational 00 of 
the conventional control device 
[Description of Notations] 

1 AC power supply 

2 Converter part 

3 Inverter part 

4 Three-phase-circuit DC brushless motor 

5 Control circuit 

6 Current sensor 

7 DC voltage control circuit 

8 The position detecting circuit of a motor rotor 



[Translation done.] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 7] 
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[Drawing 8] 




[Drawing 9] 




[Drawing 10] 
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[Drawing 11] 
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[Drawing 12] 
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[Drawing 15] 
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[Drawing 17] 
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